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©  Process  for  the  removal  of  nitrogen  oxides  from  flue  gases. 

©  Process  for  the  removal  of  nitrogen  oxides  in  hot 
flue  gas  by  catalytic  reduction  with  a  reducing  agent, 
which  process  comprises  continously  introducing  the 
flue  gas  into  a  section  of  a  sectional  divided  de- 
nitration  catalyst  unit  countercurrently  with  fresh  air 
passing  through  an  other  section  of  the  catalyst,  and 
continously  adding  the  reducing  agent  into  a  third 

section  of  the  catalyst  between  the  section  traversed 
by  the  flue  gas  and  the  section  traversed  by  the  air, 
the  third  section  being  traversed  by  the  air  before 
addition  of  the  reducing  agent  by  continously  or 
stepwise  changing  the  position  of  the  catalyst  sec- 
tions. 
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The  present  invention  is  directed  to  the  pu- 
rification  of  flue  gases.  In  particular  the  invention 
relates  to  the  removal  of  nitrogen  oxides  from  flue 
gases  by  selective  catalytic  reduction  of  the  nitro- 
gen  oxides  with  a  reducing  agent  adsorbed  on  the 
catalytic  active  surface  of  a  catalyst  unit. 

Elimination  of  nitrogen  oxides  from  flue  gases 
is  usually  accomplished  by  catalytic  reduction  of 
the  nitrogen  oxides  by  use  of  ammonia  as  reducing 
agent  according  to  the  reactions: 

4NH3  +  4NO  +  02  ->  4N2  +  6H20; 
8NH3  +  6NO2  ->  7N2  +  12H20; 

These  reactions  proceed  rapidly  on  a  catalyst 
at  elevated  temperatures  and  a  number  of  pro- 
cesses  and  process  units  are  known  in  the  art, 
wherein  excess  of  heat  in  the  flue  gas  is  used  as  a 
source  of  heat  for  the  catalytic  reduction  reactions. 

Thereby,  ammonia  is  introduced  into  hot  flue 
gas  before  the  gas  is  passed  through  the  catalyst. 

However,  in  order  to  obtain  an  efficient  reduc- 
tion  of  the  content  of  nitrogen  oxides  in  the  flue 
gas,  it  is  necessary  to  add  ammonia  in  excess  of 
the  stoichometric  amount  according  to  the  above 
reactions.  This  implies  that  a  certain  amount  of 
ammonia  will  not  be  reacted  when  passing  the 
catalyst.  Unreacted  ammonia  in  the  flue  gas,  which 
usually  contains  sulphur  oxides,  may  react  with 
these  oxides  and  form  ammonium 
sulphate/ammonium  hydrogen  sulphate.  These 
compounds  are  highly  undesirable,  since  they 
cause  clogging  of  the  catalyst  or  fauling  of  down- 
stream  equipment.  To  reduce  deposition  of  solid 
compounds,  it  has  been  suggested  in  DE  Offen- 
legungsschrift  No.  3,406,657  to  pass  flue  gas  ad- 
mixed  with  ammonia  through  only  a  single  section 
of  the  catalyst  countercurrently  with  fresh  air  in  an 
adjacent  catalyst  section  and  varying  the  position 
of  the  catalyst  sections  in  continuous  or  stepwise 
manner,  so  that  the  section  previously  swept  by 
flue  gas  is  then  swept  and  purified  by  fresh  air  and 
vice  versa. 

An  improvement  of  the  above  method  is  men- 
tioned  in  DE  Offenlegungsschrift  No.  3,431  ,730.  By 
the  disclosed  process,  ammonia  is  added  to  the 
combustion  air,  before  the  air  contacts  the  catalyst 
and  in  such  a  rate,  where  ammonia  is  retained  on 
the  surface  of  the  catalytic  active  material  in  the 
section  of  the  catalyst,  which  is  traversed  by  the 
air. 

In  a  subsequent  traversal  of  flue  gas  the  re- 
tained  ammonia  is  consumed  by  reduction  of  nitro- 
gen  oxides  in  the  flue  gas.  Thereby,  formation  of 
sticky  ammonium  hydrogen  sulphate  on  the  cata- 
lyst  is  reduced  and  the  lifetime  of  the  catalyst 
extended. 

A  disadvantage  of  the  above  process  is,  how- 
ever,  that  considerable  amounts  of  ammonia  will 
evaporate  from  the  surface  and  be  swept  out  of  the 
catalyst  together  with  air,  before  it  comes  into 

5  contact  with  nitrogen  oxides  in  the  flue  gas.  By 
introducing  ammonia  together  with  air  into  one 
catalyst  section  of  a  sectional  divided  catalyst  unit 
the  amount  of  adsorbed  ammonia  will  be  large  at 
the  inlet  side  and  low  at  the  outlet  side  of  the 

10  section  swept  by  the  gas  mixture,  which  leads  to 
an  undesirable  concentration  profile  of  adsorbed 
ammonia  in  the  section,  being  traversed  by  the  hot 
flue  gas  after  rotation.  Thereby,  the  flue  gas,  with  a 
high  content  of  nitrogen  oxides  at  the  introduction 

15  side  of  the  catalyst  section,  meets  a  low  concentra- 
tion  of  adsorbed  ammonia  at  the  inlet  side  and  a 
high  concentration  of  ammonia  at  the  outlet  side  of 
the  catalyst  section,  where  the  nitrogen  oxide  con- 
tent  in  the  flue  gas  is  reduced  by  catalytic  conver- 

20  sion  with  ammonia  retarded  in  the  catalyst  section. 
It  has  now  been  found  that  addition  of  reducing 

agent  into  a  separate  section  of  the  denitration 
catalyst,  after  traversal  of  air,  allows  introduction  of 
ammonia  in  parallel  flow  with  the  flue  gas  in  an 

25  adjacent  catalyst  section,  and  provides  an  im- 
proved  concentration  profile  of  reducing  agent  ad- 
sorbed  on  the  catalyst  and  hence  an  improved 
process  for  the  removal  of  nitrogen  oxides  in  flue 
gases. 

30  Accordingly,  the  object  of  the  present  invention 
is  to  provide  a  process  for  the  removal  of  nitrogen 
oxides  in  hot  flue  gas  by  catalytic  reduction  with  a 
reducing  agent,  which  process  comprises  introduc- 
tion  of  the  flue  gas  into  a  section  of  a  sectional 

35  divided  denitration  catalyst  unit  countercurrently 
with  fresh  air  in  another  section  of  the  catalyst,  and 
adding  continuously  the  reducing  agent  into  a  third 
section  of  the  catalyst  between  the  section  tra- 
versed  by  the  hot  flue  gas  and  the  section  tra- 

40  versed  by  fresh  air,  the  third  section  being  tra- 
versed  by  the  air  before  the  addition  of  the  reduc- 
ing  agent  by  continously  or  stepwise  changing  the 
position  of  the  catalyst  sections. 

The  catalyst  for  use  in  the  inventive  process 
45  may  be  of  any  geometrical  shape.  Catalysts  with  a 

large  void  and  with  a  plurality  of  parallel  gas  chan- 
nels  in  the  catalyst  structure,  such  as  the  known 
honeycomb  catalyst,  are  preferred.  The  catalytic 
active  material  may  comprise  any  of  the  metal 

50  oxides,  which  are  active  in  the  reduction  of  nitrogen 
oxides.  In  a  preferred  embodiment  of  the  invention, 
the  material  comprises  vanadium  pentoxide  on  a 
carrier  consisting  of  titania,  silica  and/or  alumina, 
such  as  the  catalyst  described  in  US  Patent  No. 

55  4,781,902,  the  enclosure  of  which  is  incorporated 
herein  by  reference. 

In  still  a  preferred  embodiment  of  the  invention, 
the  carrier  comprises  zeolitic  material,  enhancing 
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the  absorption  of  ammonia. 
To  facilitate  changing  of  the  position  of  the 

catalyst  sections  the  catalyst  unit  is  arranged  as 
cylindrical  chamber  having  open  faces  and  being 
rotable  around  its  axis. 

In  the  catalyst  chamber  the  catalyst  section 
being  traversed  by  hot  flue  gas,  leaving  e.g.  the 
economizer  of  a  power  plant  with  a  temperature  of 
about  250-450°  C,  is  heated  to  temperatures,  where 
the  catalytic  reduction  of  nitrogen  oxides  proceeds. 
Due  to  the  rotation  of  the  catalyst  chamber  the  hot 
catalyst  section  having  been  in  contact  with  flue 
gas  is  subsequently  cooled  by  cold  fresh  air,  pass- 
ing  through  this  section  with  an  inlet  temperature  of 
about  20-30°  C.  Ammonia  is  added  continously  into 
this  section  after  further  rotation  of  the  catalyst 
chamber  immediately  before  the  section  meets  the 
stream  of  nitrogen  oxide  containing  hot  flue  gas. 

Separately  introduction  of  ammonia  into  a  sep- 
arate  catalyst  section  allows  introduction  in  parallel 
flow  with  the  flue  gas  and  thus  a  more  precise 
dosage  and  distribution  profile  of  the  amount  of 
ammonia  in  the  catalyst  section  required  for  the 
catalytic  reduction  of  nitrogen  oxides  in  the  flue 
gas  after  the  section  is  rotated  to  meet  the  stream 
of  flue  gas. 

In  further  a  preferred  embodiment  of  the  inven- 
tion  the  catalyst  is  arranged  in  a  recuperative  heat 
exchanger,  wherein  air  flowing  through  the  catalyst 
chamber  counter-currently  with  the  hot  flue  gas  is 
preheated  for  further  use  as  combustion  air  in  a 
power  plant,  and  the  nitrogen  oxides  containing  flue 
gas  from  e.g.  the  power  plant  is  catalytically  puri- 
fied. 

The  invention  is  further  described  in  the  follow- 
ing  with  reference  to  the  drawing,  in  which  the 
Figure  is  a  perspective  view  of  a  catalyst  chamber 
for  use  in  the  process  for  removal  of  nitrogen 
oxides  according  to  one  embodiment  of  the  inven- 
tion. 

The  Figure  shows  in  simplified  manner  catalyst 
chamber  1  with  a  honeycomb  structured  denitration 
catalyst  2  arranged  within  cylindrical  shell  4  of  the 
catalyst  chamber.  The  catalyst  chamber  1  is  tra- 
versed  by  the  gases  in  3  different  sections,  section 
2a  for  continuous  introduction  of  ammonia,  section 
2b  for  traversal  of  flue  gas,  and  section  2c  for 
traversal  of  air  countercurrently  to  the  stream  of 
flue  gas,  by  sectionally  sealing  the  faces  of  the 
catalyst  chamber  with  sealing  baffles  6,  8  and  10 
mounted  movable  in  a  gastight  manner  on  face  5 
and  on  the  opposite  face  (not  shown)  of  the  cata- 
lyst  chamber,  which  is  similarly  sealed  by  sealing 
baffles  6a,  8a  and  10a.  Within  the  sealing  baffles 
the  catalyst  chamber  1  is  rotable  around  its  axis 
12,  thereby  providing  a  continously  passage  of 
catalyst  2  through  sections  2a,  2b  and  2c. 

Ammonia  is  continously  introduced  into  section 

2a  in  parallel  flow  with  the  flue  gas  in  section  2b 
and  adsorbed  on  the  catalyst  surface  within  this 
section.  Thereby,  most  of  the  ammonia  is  retarded 
at  the  inlet  side  of  the  section  2a  leading  to  a 

5  concentration  profile  of  ammonia  with  decreasing 
amounts  towards  the  outlet  side  of  the  section. 
Having  passed  section  2a,  the  catalyst  2  is  rotated 
to  section  2b,  where  hot  flue  gas  is  introduced  and 
passed  through  the  catalyst.  Nitrogen  oxides  con- 

io  tained  in  the  flue  gas  are  catalytically  reduced  with 
the  ammonia  adsorbed  on  the  catalyst  surface  to 
molecular  nitrogen  and  water  according  to  the 
aforementioned  reaction  scheme. 

By  passage  of  the  hot  flue  gas  through  the 
is  catalyst  2  in  section  2b,  the  catalyst  section  is 

heated,  which  heat  is  partly  used  to  initiate  and 
accomplish  the  catalytic  reduction  of  nitrogen  ox- 
ides.  Part  of  the  heat  is  after  rotation  further  trans- 
ferred  to  the  air,  which  is  introduced  into  section 

20  2c,  countercurrently  to  the  hot  flue  gas  in  section 
2b. 

Claims 

25  1.  Process  for  the  removal  of  nitrogen  oxides  in 
hot  flue  gas  by  catalytic  reduction  with  a  re- 
ducing  agent,  which  process  comprises  con- 
tinously  introducing  the  flue  gas  into  a  section 
of  a  sectional  divided  denitration  catalyst  unit 

30  countercurrently  with  fresh  air  passing  through 
an  other  section  of  the  catalyst,  and  continous- 
ly  adding  the  reducing  agent  into  a  third  sec- 
tion  of  the  catalyst  between  the  section  tra- 
versed  by  the  flue  gas  and  the  section  tra- 

35  versed  by  the  air,  the  third  section  being  tra- 
versed  by  the  air  before  addition  of  the  reduc- 
ing  agent  by  continously  or  stepwise  changing 
the  position  of  the  catalyst  sections. 

40  2.  The  process  as  claimed  in  claim  1  ,  wherein  the 
catalyst  is  in  form  of  a  honeycomb  structured 
catalyst. 

3.  The  process  as  claimed  in  claim  1  ,  wherein  the 
45  catalyst  comprises  vanadium  pentoxide  sup- 

ported  on  titania,  alumina  and/or  silica. 

4.  The  process  as  claimed  in  claim  1  ,  wherein  the 
catalyst  is  supported  on  zeolitic  material. 

50 
5.  The  process  as  claimed  in  claim  1  ,  wherein  the 

reducing  agent  comprises  ammonia. 

6.  The  process  as  claimed  in  anyone  of  the  pre- 
ss  ceding  claim,  wherein  the  catalyst  is  arranged 

in  a  recuperative  heat  exchanger. 
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